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signaling the first format to the first group of Ubs in System
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Fig. 2

deternuning a format to be used for Z2-step Random Access
Channel, RACH, Message A, MsgA, by a User Equipment, UE, 301
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it a cell based on previous hink quality information
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obtaiming a format from a network node via broadcast System Information |

a

torma‘(ﬁ and- h; SE transmission at::a,mpt COMPIISCS {ransin ttﬁm Phy St cal Randﬁm .
- Access Channel, PRACH, preamble, and transmtting a PUSCH using the obtained
iormm

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

 making successive transnussion .f,iti,cmpta 1t aresponse from the network node to a
prtor transmission attempt 18 not recerved; and making a further transmission attempt %403
by transnutting at least the PUSCH using a second format different from the obtained | >
tormat when the number of transmission attempts is larger than a predeternuned
vaile.

Fig. 4

obtaining a set of format options and one or more selection criteria |
from a network node via broadmst System Information
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deternuning a modulation state and a code rate to be used for the uphink
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the modulation state and the code rate
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wentifving a Physical Random Access Channel, PRACH, preambie witha
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a distinct set of OFDM symbols and subcamiers

------------------

identifying a PRACH preamble with a second index n” corresponding to
the first index n

Frrrrrrrrrrrrrrrrrrrrrrzrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr'-'I-'--I-'-'-'-'I-'-'-'I-'--I-'I-'-'-'I-'-'-'-'-'-'I-'-'-'I-'--I-'-'-'-'I-'-'-'I-'--I-'I-'-'-'I-'-'-'-'-'-'I-'-'-'I-'--I-'I-'-'-'I-'-'-'-'-'-rrrrrrrrrrrrrrrrrrrrrrrrrrrr@rrrrrrrrrrrrrrrrrrrrr




US 12,324,025 B2

Sheet 6 of 7

Jun. 3, 20235

U.S. Patent

AsusnDa

g 514

] = ng\nw BueIs
= JRUIBOONS builels

AsuenDay

L UOISEDR0)
HOSNd

0 = moagw ouneIs
0} = Jsureoqns buiLels



U.S. Patent Jun. 3, 2025 Sheet 7 of 7 US 12,324,025 B2

Netwaorik Node

9014 507a)

Processing | f Radic
Circuitry L interface

Processing Radio
Lircuitry L Interface



US 12,324,025 B2

1

METHOD AND APPARATUS FOR PHYSICAL
UPLINK SHARED CHANNEL FORMAT
ADAPTATION

TECHNICAL FIELD

The present disclosure generally relates to wireless com-
munication technique fields, in particular to methods and

apparatuses for Physical Uplink Shared Channel (PUSCH)
format adaptation.

BACKGROUND

Next generation systems are expected to support a wide
range of use cases with varying requirements ranging from
tully mobile devices to stationary Internet of Things (IoT) or
fixed wireless broadband devices. In New Radio (NR), both
licensed assisted access and standalone unlicensed operation
are to be supported in the 3"* Generation Partner Project
(3GPP). Random Access Channel (RACH) procedures 1n
NR will be mtroduced below to facilitate understanding.

The ordinary four step random access (four-step RA)
procedure has been the current standard for legacy systems
such as Long Term Evolution (LTE) and 3GPP NR Rel-13.
It has been proposed to study a two-step procedure where the
Uplink (UL) messages mcluding Physical Random Access
Channel (PRACH) and Physical Uplink Shared Channel
(PUSCH) are sent simultaneously (or at least without any
intermediate response from e.g. the eNB) and similarly the
two Downlink (DL) messages (e.g. time advance command
in Random Access Response (RAR) and contention resolu-
tion mnformation) are sent as a simultaneous response 1n the
DL. In the legacy four step procedure, one of the main
usages ol the first two messages 1s to obtamn UL time
alignment for the User Equipment (UE). In many situations,
¢.g. 1n small cells or for stationary UEs, this may not be
needed since either a zero timing alignment or timing
advance (TA) value (1.e., TA=0) will be suflicient (small
cells) or a stored TA value from the last RA could serve also
for the current RA (stationary UE). In future radio networks
it can be expected that these situations will be common, both
due to dense deployments of small cells and a great number
of e.g. stationary IoT devices. An RA process in which no
message exchange 1s required to obtain the TA value would
lead to reduced RA latency and would be beneficial 1n
several use cases, for example when transmitting inirequent
small data packets. Another benefit with the two-step pro-
cedure for NR 1n unlicensed spectrum (NR-U) 1s that it may
not need four listen before talk (LBT) trials to be completed
as 1s the case for the four-step procedure.

As noted above, legacy four-step Random Access 1s the
baseline for random access 1 both LTE and NR. The
principle of this procedure 1s shown 1n FIG. 1a. The UE first
randomly selects a preamble which 1s transmitted.

When the eNodeB (eNB) detects the preamble, 1t esti-
mates the TA the UE should use 1n order to obtain UL synch
at the eNB. The eNB responds with the TA and a grant of
resources for the transmission of Message 3 (Msg3). In
Msg3 the UE transmits its 1dentifier, and the eNB responds
by acknowledging the UE ID in Msg 4. The Msg 4 gives
contention resolution, 1.e. only one UE’s identifier will be
sent even 11 several UEs have used the same preamble (and
Msg 3) simultaneously. In LTE, the four-step RA cannot be
completed 1 less than 14 ms/TTI/SF (transmission time
intervals, or subirames).

The two-step RA gives much shorter latency than the
ordinary four-step RA. In the two-step RA the preamble
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2

(transmitted on PRACH) and a message corresponding to
Message 3 1n the four-step RA (transmitted on PUSCH) are
transmitted 1n the same or in two subsequent sub frames.

The first message in the two-step procedure 1s denoted
Message A (MsgA) in NR-U. The two-step procedure 1s
depicted 1n FIG. 15. In the four-step procedure, the gNodeB
(gNB) grant 1s linked to a particular preamble. The same
kind of mapping may be needed 1n the two-step procedure.
For all different preamble identities (IDs) that have been
configured for the two-step there should be a mapping to a
particular PUSCH resource. The PUSCH resource may be
time multiplexed, frequency multiplexed or code multi-
plexed. In 3GPP Rel.16 NR the PRACH and PUSCH
resource will be time multiplexed (1.e., time-division mul-
tiplexing, TDM).

Upon successiul reception of MsgA (1.e. both the pre-
amble and PUSCH), the eNB will respond with a TA (which

by assumption should not be needed or just give very minor
updates) and a Msg 4 for contention resolution. The second
message 1n the two-step procedure 1s denoted Message B
(MsgB) in NR-U.

The preamble format used for the two-step RA procedure
1s configured in System Information (SI) together with the
time and frequency resources (PRACH occasions) which are
given by the prach-Configurationlndex. An example of how
the preamble formats can be allocated 1n a slot 1s shown 1n
FIG. 1c¢, which illustrates the time occupied by difierent
PRACH occasions according to the PRACH format, where
15° indicates a first PRACH occasion, 27¢ indicates the
second PRACH occasion, and so on. A 1 ms subframe is
shown, comprised of 14 orthogonal frequency-division mul-
tiplexed (OFDM) symbols. The symbols a PUSCH occupies
in the subirame (11 1t has a 15 kHz subcarrier spacing) are
also shown for reference. The labels starting with A, B, or C
are the different PRACH formats. Note that this 1s not an
exhaustive list of all configurations of 3GPP Rel-15
PRACH; 1t 1s only shown as an example.

The PUSCH component of MsgA 1s transmitted shortly
after the preamble component, preferably with a gap not

exceeding 16 us 1n order to obviate the need for separate
Listen before talk (LBT) procedures 1n NR-U.

Multi-User Multiple-Input Multiple-Output (MU-MIMO)
and Non-Orthogonal Multiple Access (NOMA) are intro-
duced for 3GPP Rel-15 NR PUSCH as follows.

Multiple access capacity in the uplink of 3GPP Rel-15 NR
can be increased through the use of MU-MIMO and/or
NOMA techniques. NR supports these techniques by allow-
ing different UEs to transmit PUSCH Demodulation Refer-
ence Signal (DMRS) differently. UEs may transmit one or
more of up to 12 DMRS antenna ports p, as described in
3GPP Technical Specification (1S) 38.211 section 6.4.1.1.3.
DMRS antenna ports transmitted from different UEs tend to
have low mutual interference because different ports are
mapped to different resource elements and/or are transmitted
in the same resource elements but with different orthogonal
cover sequences for the different antenna ports. This means
that when UEs simultaneously transmit in the same uplink
Physical Resource Blocks (PRBs) 1n a slot but with different
DMRS antenna ports, the gNB may generally form good
channel estimates to each UE due to the low mutual inter-
ference property. Given good channel estimates, interfer-
ence rejection recervers, mncluding linear interference rejec-
tion receivers such as Mmimum Mean Square Error
Interference Rejection Combining (MMSE-IRC) recervers
may successiully receive the simultaneously transmitted

multiple PUSCHs 1n the same uplink PRBs 1n a slot.
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The PUSCH DMRS sequence 1s a pseudo-random
sequence for Orthogonal Frequency Division Multiplexing
(OFDM) transmission (when transform precoding 1s dis-
abled), and 1s mitialized using the parameter N,,”>“°, and/or
n.-,» which may be different for diftferent UEs. Such trans-
missions may be said to have ditlerent DMRS scrambling,
and N,J**? and n..,», may be referred to as scrambling
identities or scrambling IDs. For discrete Fourier transform

spread OFDM (DFT-S-OFDM), when transform precoding
1s enabled, a Zadofl-Chu sequence 1s used for PUSCH
DMRS, and the DMRS sequence group may be d1 ‘erent for
different UEs according to if the parameter n,,;" is set by
higher layers for the UE. Using different DMRS sequence
groups may be loosely referred to as using different DMRS
scrambling, since both pseudo-random sequences with dif-
ferent 1mitialization and different Zadofl-Chu sequence
groups have low, but more than zero, cross-correlation, and
therefore n,;"~ may be referred to as a scrambling identity
or a scrambling ID. In this way, the DMRS sequences
transmitted 1n a given slot are different for diflerent UEs
with different values of N,,"*“?, and/or ﬂscm in the case of
OFDM transmission, and with different n,;~> in the case of
DFT-S-OFDM. In sufliciently good channel conditions, a
receiver can separate the differently scrambled DMRS, and
form good channel estimates for each UE. Therefore, gNBs
may use interference rejection receivers to receive the
simultaneously transmitted PUSCHs, as 1n the case where
different DMRS antenna ports are used. Therefore, MU-
MIMO can be supported with either or both of different
DMRS ports and different DMRS scrambling.

Forward Error Correction (FEC) encoded bits 1n code-
words 1n PUSCH are scrambled prior to modulation, as
described 1n 3GPP TS 38.211 revision 15.4.0, subclause
6.3.1.1. The scrambling i1nitialization depends on a radio
network temporary identity (RNTI) ny.- associated with
the PUSCH transmission and a parameter n, that may be
configured to each UE, according to ¢, .=n,..,2"+n,,.
When n,,, 1s different for different UEs, their FEC encoded
bits are scrambled in different ways, and therefore n,, may
be referred to as a scrambling 1dentity or scrambling ID. At
suiliciently high signal-to-noise ratio (SNR) and low enough

FEC code rate, a non-linear gNB receiver suppresses the
mutual interference between simultancously transmitted
PUSCHSs 1n the same PRBs and slot, and therefore NOMA
can be supported using different PUSCH scrambling. It
should be noted that accurate channel estimation 1s needed
for NOMA, and so NOMA UEs should transmit on different
DMRS antenna ports and/or using different DMRS scram-
bling. Therefore, NOMA transmission can be seen as a
subset of MU-MIMO transmission in 3GPP Rel-15 NR,
where different PUSCH scrambling 1s used along with
different DMRS antenna ports or DMRS scrambling

In two-step RA, the payload 1n MsgA PUSCH 1s trans-
mitted without receiving an UL grant as part of the RA
procedure (in contrast to the grant-based Msg3 in the
traditional four-step RACH). The default solution 1s there-
fore to define in the NR specifications a single PUSCH
format and Modulation and Coding Scheme (MCS) that
ensure coverage for any UEs within a cell area with a
predetermined minimum UL link quality.

However, such fixed PUSCH allocation 1s typically con-
servative for most UEs 1 the cell that are not in the
power-limited regime (e.g. near a cell edge 1n a macro cell)
and does not allow them to fully utilize the payload that
would be possible for given UL resources.
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4
SUMMARY

In view of the above, it 1s an object to provide an
improved two-step RACH MsgA PUSCH format and/or
MCS selection to eliminate or mitigate the deficiencies as
mentioned above.

According to an aspect of the disclosure, there 1s provided
a method for Physical Uplink Shared Channel, PUSCH,
format adaptation by a network node, comprising, determin-
ing a first format to be used for two-step Random Access
Channel, RACH, Message A, MsgA, by a first group of User
Equipment 1n a cell based on deployment information; and
signaling the first format to the first group of UEs 1n System
Information, SI.

In an embodiment, the method may further comprise
determining at least one criterion and at least a second
format to be used for two-step RACH MsgA by at least a
second group ol UEs not satistying the criterion 1n the cell;
and signaling the second format and the criterion to the
second group of UEs in System Information SI.

The criterion may include a PUSCH block error rate
(BLER) during a single transmission in performance crite-
rion for uplink coverage.

The first format and the second format may include one or
more of a number of resources, location 1n time/frequency,
modulation and coding scheme, code rate, and code/trans-
port block size, a mapping type.

The deployment information may include one or more of
a path loss and UE uplink transmit power, UE uplink
transmission scheme and a number of antennas.

In an embodiment, signaling the first format or the second
format may comprise providing an index to a predetermined
list of modulation and coding scheme, MCS, values; or
providing an explicit individual parameter value.

According to another aspect of the disclosure, there is
further provided a method for Physical Uplink Shared
Channel, PUSCH, format adaptation by a network node,
comprising, determining a format to be used for two-step
Random Access Channel, RACH, Message A, MsgA, by a
User Equipment, UE, 1n a cell based on previous link quality
information; and signaling the format to the UE via dedi-
cated signaling.

In an embodiment, determiming a format may be based on
a triggering condition or presence of payload of a logical
channel or a set of logical channels to meet a target perfor-
mance.

According to another aspect of the disclosure, there is
further provided a method for Physical Uplink Shared
Channel, PUSCH, format adaptation by a User Equipment 1n
a random access procedure, comprising, obtaining a format
from a network node via broadcast System Information or
dedicated signaling; making one or more random access
transmission attempts, wherein each transmission attempt
comprises transmitting at least the PUSCH using the
obtained format; and a first transmission attempt comprises
transmitting a Physical Random Access Channel, PRACH,
preamble, and transmitting a PUSCH using the obtained
format; and making successive transmission attempts 1 a
response from the network node to a prior transmission
attempt 1s not recerved; and making a further transmission
attempt by transmitting at least the PUSCH using a second
format different from the obtained format when the number
of transmission attempts 1s larger than a predetermined
value.

According to another aspect of the disclosure, there is
further provided a method for Physical Uplink Shared

Channel, PUSCH, format adaptation by a User Equipment,
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comprising, obtaining a set of format options and one or
more selection criteria from a network node via broadcast
System Information; determining a format to be used for
two-step Random Access Channel, RACH, Message A,
MsgA, from the set of format options and the criteria based
on an estimated downlink, DL, signal quality and payload
s1ze; and transmitting a PUSCH using the determined for-
mat.

According to another aspect of the disclosure, there 1s
turther provided a method 1n a User Equipment of trans-
mitting a random access preamble and a physical uplink
shared channel, comprising, determining a modulation state
and a code rate to be used for the physical uplink shared
channel; determining a parameter for transmitting the physi-
cal uplink shared channel based on the modulation state and
the code rate; i1dentifying resources to be used from a
predetermined set of resources, each resource being i1denti-
fied with a first index n and occupying a distinct set of
OFDM symbols and subcarriers; identifying a Physical
Random Access Channel, PRACH, preamble with a second
index n' corresponding to the first index; and transmitting the
identified PRACH preamble, and the physical uplink shared
channel 1n the identified resources using the determined
parameter.

According to another aspect of the disclosure, there 1s
turther provided a method 1n a User Equipment of trans-
mitting a random access preamble and a physical uplink
shared channel, comprising, determining a resource size to
be used to contain the physical uplink shared channel, the
resource size being one of a set of predetermined sizes;
identifying resources to be used from a predetermined set of
resources, the number of resources in the set of resources
corresponding the determined resource size, each resource
being 1dentified with a first index n and occupying a distinct
set of OFDM symbols and subcarriers according to the
resource size; 1dentifying a PRACH preamble with a second
index n' corresponding to the first index n; and transmitting
the 1dentified PRACH preamble, and the physical uplink
shared channel 1n the i1dentified resource.

In an embodiment, the method may further comprise
determining a parameter to use for transmitting the physical
uplink shared channel from a predetermined set of values.

In an embodiment, transmitting the physical uplink shared
channel in the identified resources may further comprise
transmitting the physical uplink shared channel using the
determined parameter.

The parameter may include one or more of an antenna
port used to transmit a reference signal for the physical
uplink shared channel; a scrambling index of an antenna port
used to transmit a reference signal for the physical uplink
shared channel; and a scrambling identity of scrambling
used on encoded bits of the physical uplink shared channel.

In an embodiment, 1dentifying resources to be used from
a predetermined set of resources may further comprise
randomly selecting the first index n such that each value of
the first index 1s selected with substantially equal probabil-
ty.

In an embodiment, 1dentifying a PRACH preamble may
turther comprise setting the second imndex n' that 1dentifies
the PRACH preamble equal to the value of the first index n.

In an embodiment, each resource 1n the predetermined set
of resources may comprise a first resource subset and a
second resource subset, where the first resource subset may
comprise a lirst set of OFDM symbols and a first set of
subcarriers; the second resource subset may comprise a
second set of OFDM symbols and a second set of subcar-
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symbols or one of the second set of OFDM symbols; and the
first set of subcarriers 1s different from the second set of
subcarriers.

According to another aspect of the disclosure, there 1s
turther provided a network node configured to communicate
with a user equipment (UE), the network node comprising a
radio interface and processing circuitry configured to 1mple-
ment any of the methods by the network node in the
described embodiment of the present disclosure.

According to another aspect of the disclosure, there is
further provided a User Equipment configured to commu-
nicate with a network node, the UE comprising a radio
interface and processing circuitry configured to implement
any of the methods by UE 1n the described embodiment of
the present disclosure.

According to another aspect of the disclosure, there is
turther provided a communication system comprising coms-
puting eclements and data storage eclements, wheremn the
computing eclements executes any of the methods as
described 1n the embodiments of the present disclosure.

According to another aspect of the disclosure, there is
further provided a computer program comprising instruc-
tions which, when executed on at least one processor, causes
the at least one processor to execute any of the methods as
described 1n the embodiments of the present disclosure.

According to another aspect of the disclosure, there is
turther provided a computer-readable medium having stored
thereon computer program as described in the embodiments
of the present disclosure.

According to another aspect of the disclosure, there is
turther provided a computer program product comprising a
computer program and a computer readable medium as
described in the embodiments of the present disclosure.

According to the embodiments of the present disclosure,
advantageous eflects may be achieved including that MsgA
PUSCH capacity 1s increased and UL resource usage 1s
improved without compromising MsgA robustness. This 1s
particularly useful for increasing the capacity of short UL
data transmission for Semi-Persistent Scheduling (SPS) and/
or grant-free configurations.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages will
be more apparent from the following description of embodi-
ments with reference to the accompanied drawings, in
which:

FIG. 1a 1s a schematic diagram illustrating a four-step
RACH procedure;

FIG. 15 1s a schematic diagram illustrating a two-step
RACH procedure;

FIG. 1c 1s a schematic diagram illustrating an example of
preamble format allocation 1n a slot;

FIGS. 2-3 are schematic worktlow diagrams illustrating,
methods for PUSCH format adaptation by a network node
according to embodiments of the present disclosure;

FIGS. 4-5 are schematic worktlow diagrams 1llustrating,
methods for PUSCH format adaptation by UE according to
embodiments of the present disclosure;

FIGS. 6-7 are schematic workilow diagrams illustrating
methods 1 a User Equipment of transmitting a random
access preamble and a physical uplink shared channel
according to embodiments of the present disclosure;

FIG. 8 1s a schematic diagram 1llustrating a MsgA PUSCH
slot containing different s1ize PUSCH occasions according to
an embodiment of the present disclosure;
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FIG. 9a 1s a schematic block diagram illustrating a
network node according to an embodiment of the present
disclosure; and

FIG. 9b 1s a schematic block diagram illustrating a U.
according to an embodiment of the present disclosure.

L1l

DETAILED DESCRIPTION

The following embodiments of the present disclosure are
described 1n detail with reference to the accompanying
drawings. It shall be understood that these embodiments are
discussed only for the purpose of enabling those skilled
persons 1n the art to better understand and thus 1implement
the present disclosure, rather than suggesting any limitations
on the scope of the present disclosure.

We describe mechanisms for adapting the two-step

RACH MsgA PUSCH format and/or MCS to channel con-

ditions and other scenario parameters cither cell- or UE-
specifically. The following main adaptation forms by the
network (NW) or the network node include:
Cell-specific MCS selection and broadcasting by NW
UE-specific MCS selection and dedicated signaling by

NW

Autonomous MCS selection by UE using NW-configured
rules

Additionally, variants of the above approaches for target-
ing groups ol UEs, indicating the MCS or a MCS subset for
blind detection via preamble format selection, PUSCH occa-
sion selection by the UE, and handling multiple PUSCH
transmissions i a PUSCH occasion have also been
described hereinafter.

In the context, the term “wireless communication net-
work™ refers to a network following any suitable commu-
nication standards, such as new radio (NR), Long Term

Evolution (LTE), LTE-Advanced (LTE-A), Wideband Code
Division Multiple Access (WCDMA), High-Speed Packet
Access (HSPA), the Worldwide Interoperability for Micro-
wave Access (WiMax), Bluetooth, and/or ZigBee standards
network and any other network to be developed.

In the context, the terms “Network™ or “NW?” or “network
node” may be used in an exchangeable way, which may be
used to refer to, e.g., base station, an access point (AP), or
any other suitable network device in the wireless commu-
nication network. The BS may include, for example, a Node
B (NodeB or NB), an evolved NodeB (eNodeB or eNB), or
gNodeB (gNB), a Remote Radio Umt (RRU), a Radio
Header (RH), a Remote Radio Head (RRH), a relay, a low
power node such as a femto, a pico, and so forth.

The terms “UE” may refer to a mobile terminal or other
suitable user devices, for example, a Subscriber Station
(SS), a Portable Subscriber Station, a Mobile Station (MS),
or an Access Terminal (AT), portable computers, image
capture terminal devices such as digital cameras, gaming
terminal devices, music storage and playback appliances, a
mobile phone, a cellular phone, a smart phone, voice over 1P
(VoIP) phones, wireless local loop phones, a tablet, a wear-
able device, a personal digital assistant (PDA), wireless
endpoints, mobile stations, laptop-embedded equipment
(LEE), laptop-mounted equipment (LME), smart devices,
wireless customer-premises equipment (CPE) and the like.

In the context, PUSCH MCS selection may be understood
as including one or more PUSCH format aspects such as the
number of resources (number of PRBs/REs), their location
in time/frequency, modulation, coding scheme, code rate
and/or code/transport block size, the mapping type (normal
slot or mini-slot), etc.
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According to one embodiment, a solution of Cell-specific
MCS selection and broadcasting by NW (also referred to as
“approach 17) 1s described as below.

As shown 1n FIG. 2, a method 200 for PUSCH format
adaptation by a network node 1n a random access procedure
1s provided.

The method includes, at step S201, the network node first
determines a first format to be used for two-step RACH
MsgA by a first group of User Equipment in a cell based on
deployment information. The deployment information may
include one or more of a path loss and UE uplink transmat
power, UE uplink transmission scheme and a number of
antennas. At step S202, the network node sends the first
format to the first group of UEs via System Information
broadcasting.

In an embodiment, at least one criterion and at least a
second format may be determined to be used for two-step
RACH MsgA by at least a second group of UEs not
satisiying the criterion in the cell. The criterion may include
a PUSCH Block Error Rate (BLER) during a single trans-
mission in performance criterion for uplink coverage. Then,
the network node may send the second format and the
criterion to the second group of UEs via System Information
broadcasting. The first group of UEs 1n a cell may refer to
a group of UEs or all UEs 1n the cell. The second group of
UEs 1 a cell may refer to another non-overlapping group of
UEs 1n the cell other than the first group of UEs in case the
first group of UEs does not cover all of the UEs 1n the cell.

The step of sending the first format or the second format
may be implemented by providing an index to a predeter-
mined list of modulation and coding scheme, MCS, values;
or providing an explicit individual parameter value.

The first format and/or the second format refer to PUSCH
formats which may include one or more of the following,
such as a number of resources, location 1 time/frequency,
modulation and coding scheme, code rate, and code/trans-
port block size, a mapping type.

Particularly, for example, the NW determines the PUSCH
MCS to be used by all UEs 1n the cell for two-step RA
procedure. The MCS may be selected so as to provide UL
coverage for RACH for UEs i1n the most disadvantaged
locations in the cell. The performance criterion for UL
coverage may be PUSCH BLER during single transmission.
The required MCS 1s primarily determined by the path loss
and UE UL TX power, and additionally by the UE UL
transmission scheme and the number of antennas. The NW
may use the estimated worst-case path loss at the cell edge
and the lowest TX power and multi-antenna configuration of
UE categories allowed 1n the system.

In an embodiment, the NW may signal a selected MCS
value 1n a field 1n system information (SI) by providing an
index to a predetermined list of MCS values listed 1 a
specification document. Alternatively, the NW may provide
explicit individual parameter values 1n the SI field, including
one or more of the ones listed above. The SI field containing
the MCS information may be remaining system information
(RMSI), which may be carried 1n system information block
1 (SIB1); other system information (OSI), which may be
carried in SIBs other than SIB1; a physical broadcast
channel (PBCH), which may carry a master information
block (MIB); or dedicated SI for individual UEs.

In an embodiment, the UE may attempt MsgA transmis-
s1on using the indicated MCS and i1 a predetermined number
(e.g. 2-10) of MsgA transmission attempts fail (e.g. the
preamble 1s detected while PUSCH decoding 1s unsuccessiul
due to either cyclic redundancy check failure or the number
of error bits not meeting the bit error rate (BER) require-
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ment), which the UE detects e.g. via not receiving a MsgB,
the UE may re-attempt two-step RA using a default MCS.
The number of transmission attempts 1s counted by the
PREAMBLE_TRANSMISSION_COUNTER so the prede-
termined number could be based on this counter. However,
since the power 1s ramped up for each transmission attempt
an alternative threshold could be when the UE reaches a
predetermined transmission power. I the transmission
power 1s the main focus then an alternative counter could be
the PREAMBLE_POWER_RAMPING_COUNTER. These
counters are not always incremented simultaneously (espe-
cially in NR-U, where the latter 1s not incremented upon
LBT failures).

In one related embodiment, the UE may in subsequent
transmission(s) use an MCS (say MCS_new) lower than the
indicated MCS (say MCS_indicated), where MCS_new can
be a function of the MCS indicated and at least one of the
following parameters:

PREAMBLE_POWER_RAMPING_COUNTER;

PREAMBLE_TRANSMISSION_COUNTER;

PRACH preamble format;
PUSCH format (including a list of parameters provided in
the beginning of this section)

The gNB may need to perform blind detection of the MCS
if only

PREAMBLE_POWER_RAMPING_COUNTER and/or

PREAMBLE_TRANSMISSION_COUNTER 1s consid-
ered, as these two parameters are unknown to gNB.

The change of MCS in this embodiment may also be
conditional on no back-oil indication having been received.
A back-off indication could imply that the gNB does not
have processing resources to handle the request at the
moment and not that a more robust MCS should be used.
The default MCS which results 1n eflectively more robust
transmission than the selected MCS may be defined 1n a
specification document, or additionally provided in the SI.
The NW may attempt detection of PUSCH according to the
selected MCS 1n the first occasions, and according to the
default MCS 1n subsequent occasions, or 1t may attempt
blind decoding according to both MCS options 1n some, or
all, occasions.

The NW may change the selected MCS over time, includ-
ing the indication 1n the SI, to ensure suilicient, but not
excessive, robustness. As an extension of the embodiment
with a default MCS, the NW may maintain statistics of the
rate at which the default MCS 1n mmvoked and modify the
selected MCS to keep that rate at a desired level, e.g. 1%.

The UE aspect of this embodiment consists of extracting
the selected MCS information 1n the SI, including choosing,
between the selected and default MCS, and configuring its
transmitter to operate using the chosen MCS.

According to another embodiment, the solution of UE-
specific MCS selection and dedicated signaling by NW (also
referred to as “approach 2”°) 1s described as below.

As shown 1n FIG. 3, a method 300 for PUSCH format
adaptation by a network node 1n a random access procedure
1s provided.

The method 300 includes, at step S301, the network node
first determining a format to be used for two-step RACH
MsgA by a specific UE 1n a cell based on, e.g., previous link
quality information. As an example, the format may be
determined based on a triggering condition or presence of
payload of a logical channel or a set of logical channels to
meet a target performance. Then, at step S302, the network
node sends the format to the UE via dedicated signaling.

Particularly, for example, the NW may provide a UE with
a tallored PUSCH MCS. The NW may estimate the UL link
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quality based on previous, sufliciently recent transmissions
by the UE, e.g. UL DMRS, Physical Uplink Control Channel
(PUCCH), or Sounding Reference Signal (SRS), or based on
Channel Quality Indication (CQI) reports provided by the
UE. The NW then configures a PUSCH MCS that ensures
that a predetermined performance metric, e.g. a target
PUSCH BLER, i1s achieved.

This approach may be used ahead of a Contention Free
Random Access (CFRA) attempt, e.g. 1n conjunction with
handover (HO) procedures, or 1t may be applied when a UE
enters RRC_IDLE or RRC_INACTIVE state and will per-
form contention based random access (CBRA) to reconnect
at a later time 1nstance. The UE may then be configured to
use the provided MCS for a future RA attempt e.g. while the
UE remains 1n the same cell and its estimated DL serving
cell quality does not drop by more than a predetermined
margin.

The NW may configure the UE with the selected MCS via
¢.g. Radio Resource Control (RRC) signaling or other
HO/mobility-related signaling, including L1-2 signaling
options, e.g. downlink control mmformation or a Medium
Access Control control element. The NW may signal a
selected MCS value by providing an index to a predeter-
mined list of MCS values listed 1n a specification document
or by providing explicit individual parameter values, includ-
ing one or more of the ones listed above.

In another alternative, the NW may configure the PUSCH
MCS to be selected based on the triggering condition or
presence of payload of a logical channel or a set of logical
channels such that the resulting PUSCH BLER meets a
target performance metric, this could for example be inire-
quent small user data payload with strict reliability and
latency requirement or the presence of control signaling
messages or other.

The UE aspect of this approach consists of extracting the
selected MCS information from the dedicated N'W signal-
ing, including choosing between the selected and default
MCS, and configuring its transmitter to operate using the
chosen MCS.

According to another embodiment, the solution of using

a default modulation & coding scheme (MCS) instead of a
broadcasted MCS or individually designated MCS 1s
described as below.

As shown 1n FIG. 4, a method 400 for PUSCH format
adaptation by UE 1n a random access procedure 1s provided.

The method 400 1ncludes, at step S401, the UE obtaining
a format from a network node via broadcast System Infor-
mation or dedicated signaling.

At step S402, the UE makes one or more random access
transmission attempts based on the obtained format. Each
transmission attempt may include transmitting at least the
PUSCH using the obtained format. The first transmission
attempt among the attempts may include transmitting a
PRACH preamble, and transmitting a PUSCH using the
obtained format.

At step S403, the UE makes successive transmission
attempts if a response from the network node to a prior
transmission attempt 1s not received. When the number of
transmission attempts 1s larger than a predetermined value,
the UE makes a further transmission attempt, which includes
transmitting at least the PUSCH using a second format
different from the obtained format.

According to another embodiment, a solution of autono-
mous MCS selection by UE using NW-configured rules
(also referred to as “approach 3”) 1s described as below.
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As shown 1n FIG. 5, a method 500 for PUSCH format
adaptation by a UE 1n a random access procedure 1s pro-
vided.

The method 500 includes, at step S501, the UE obtaining
a set of format options and/or one or more selection criteria
from a network node via broadcast System Information. At
step S502, the UE determines a format to be used for
two-step RACH MsgA from the set of format options and/or
the criteria based on, e.g., an estimated DL signal quality and
payload size. At step S503, the UE transmits a PUSCH using,
the determined format.

As shown 1n FIG. 6, a method 600 1n a UE of transmitting
a random access preamble and a physical uplink shared
channel 1s provided.

The method 600 includes, at step S601, the UE determin-
ing a modulation state and a code rate to be used for the
physical uplink shared channel.

The determination may be based on at least estimated UL
link quality and the PUSCH payvload size. The UE may e.g.
use a look-up table to look up the maximum-rate MCS that
provides required detection performance for the given
PUSCH block size and channel quality.

In some embodiments, the UE determines the modulation
state and code rate by recerving control signaling, such as
dedicated RRC signaling or a system information block, that
indicates the modulation state and code rate. In other
embodiments, the UE selects the modulation state and code
rate from a predetermined list of modulation state and code
rate combinations, the list being signaled to the UE in
control signaling such as dedicated RRC signaling or a
system i1nformation block. The UE may select the modula-
tion state and code rate from the predetermined list by
calculating an estimated UL link quality, where the esti-
mated UL link quality can comprise a path loss estimate
derived from a serving cell reference signal or a synchro-
nization signal block (SSB). In some embodiments, the UE
may compare the path loss estimate to a threshold path loss
associated with each modulation state and code rate com-
bination 1n the list, and select the modulation state and code
rate combination whose threshold 1s the smallest threshold
of the list that 1s greater than the path loss. In some
embodiments, the UE determines the power needed to
transmit a MsgA PUSCH 1n each of the PUSCH occasions
according to the modulation state and code rate and a path
loss estimate derived from a serving cell reference signal or
an SSB, excluding the modulation state and code rate
combinations in the list that require more power than the UE
has available to transmit, such as when the PUSCH power
would exceed a power P, - (1) as detined 1n the related
3GPP specification, and then selecting the modulation state
and code rate combination from the list that requires the
greatest power that 1s less than the UE has available to
transmiut.

At step S602, the UE further determines a parameter for
transmitting the physical uplink shared channel based on the
modulation state and the code rate. At step S603, the UE
identifies resources to be used from a predetermmed set of
resources, each resource being 1dentified with an index n and
occupying a distinct set of OFDM symbols and subcarriers.
At step S604, the UE i1dentifies a PRACH preamble with an
index n' correspondmg to the index n. At step S605, the UE
transmits the identified PRACH preamble, and then the
physical uplink shared channel 1n the 1dentified resources
using the determined parameter.

As shown 1n FIG. 7, a method 700 1n a UE of transmitting
a random access preamble and a physical uplink shared

channel 1s provided.
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The method 700 1ncludes, at step S701, the UE determin-
Ing a resource size to be used to contain the physical uplink
shared channel, the resource size being one of a set of
predetermined sizes.

At step S702, the UE 1dentifies resources to be used from
a predetermined set of resources. The resource 1n the set of
resources corresponds to the determined resource size. Each
resource 1s 1dentified with an index n and occupies a distinct
set of OFDM symbols and subcarriers. As an example, the
index n may be randomly selected such that each value of
the index 1s selected with substantially equal probability.
The mndex n may further be indicative of a number of
resources 1n the predetermined set of resources. At step
S703, the UE 1dentifies a PRACH preamble with an index n'
corresponding to the index n. As an example, the index n'
identifving the PRACH preamble may be set equal to the
value of the mdex n. At step S704, the UE transmits the
identified PRACH preamble, and then the physical uplink
shared channel 1n the identified resource.

In an embodiment, the UE may further determine a
parameter to use for transmitting the physical uplink shared
channel from a predetermined set of values. As an example,
the UE may transmit the physical uplink shared channel
using the determined parameter. For example, the parameter
may include one or more of e.g. an antenna port used to
transmit a reference signal for the physical uplink shared
channel; a scrambling index of an antenna port used to
transmit a reference signal for the physical uplink shared
channel; and a scrambling i1dentity of scrambling used on
encoded bits of the physical uplink shared channel.

In this embodiment, each resource in the predetermined
set of resources may include a plurality of resource subsets,
such as including a first resource subset and a second
resource subset. The first resource subset may include a first
set of OFDM symbols and a first set of subcarriers. The
second resource subset may 1nclude a second set of OFDM
symbols and a second set of subcarriers. Each OFDM
symbol 1s one of the first set of OFDM symbols or one of the
second set of OFDM symbols. The first set of subcarriers 1s
different from the second set of subcarriers. Particularly, for
example, the UE may determine the preferred MCS autono-
mously, based on e.g. 1ts estimated UL link quality and the
desired payload size. The UE may estimate the DL path loss
based on received DL serving cell reference signal or SSB
quality, then estimate the UL link quality based on the path
loss and 1ts UL TX power. The UE can then select an MCS
that results 1 sufhciently low PUSCH BLER.

An example of this approach 1s to configure thresholds
similar to what 1s done for selection of the Supplementary
Uplink (SUL) carrier where i1 the reference signal recerved
power (RSRP) of the downlink pathloss reference 1s less
than rsrp-ThresholdSSB-SUL” the SUL carrier 1s selected
and otherwise the normal NR UL 1s selected. In case of MCS
selection, the same measurement quantity can be used but
compared to a diflerent threshold (one or several). The
selection should be done during the Random Access proce-

dure Initialization, the content of which may refer to Section
5.1.1 1n 3GPP 38.321. Furthermore, difl

erent thresholds
could be applied depending on 11 the SUL or normal UL has
been selected.

The NW may perform tentative decoding of PUSCH
according to the set of possible MCSs selectable by the UE.

The MCS options and the BLER target may be prowded
in a specification document, in broadcast SI, or via dedicated
SI or RRC transmission to the UE. The list of MCS options
preferably has a granularity and list length that provides a
desired balance between eflective
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PUSCH link adaptation (LLA) and limited PUSCH blind
decoding complexity. The desired balance may be deter-
mined by NW design.

An option to reduce the blind decoding eflort, a mapping
between preamble indexes (or preamble groups) and used
MCS may be defined. In this case the UE would select
preamble based (also) on which MCS 1s used. By using this
option, the gNB will know which MCS the UE has used
based on the received preamble.

In another embodiment, the PRACH preamble index 1s
used to 1dentity a list of candidate PUSCH resource alloca-
tion parameter sets, while the DMRS antenna port and/or
scrambling ID 1dentifies which of the candidate resource
allocation parameter sets applies. In some embodiments, a
PUSCH occasion may be defined e.g. as a contiguous set of
Nt PRBS during N, symbols where the PUSCH 1s transmit-
ted, where the absolute frequency and time locations are
specified e.g. with respect to the SSB location or with
respect to the MsgA preamble location. For example, a
PRACH preamble index could map to one of 64 time-
frequency locations (possible occasions) that can carry
MsgA PUSCH, and the PUSCH in each of these time-
frequency locations (occasions) could occupy, say, 4 PRBs
and 14 OFDM symbols, and use either QPSK or 16 QAM
modulation and a code rate of V3 or 23. These 4 combinations
of modulation and code rate could then be identified each
with one of 4 DMRS antenna port numbers used by the UE
to transmit the PUSCH. Furthermore, 1n some embodiments,
which PRBs are occupied by the PUSCH may be indicated
by whether the UE transmits the DMRS 1n the PRB. In this
way, the PUSCH can occupy less than the full time-fre-
quency available 1n a time-frequency location, using only
the PRBs needed for the data the UE has in its builer.

In some embodiments, a predetermined set of time-
frequency resources that can contain PUSCH occasions
having at least one size 1s defined, which may be termed a
‘MsgA PUSCH slot’.

Allowing a MsgA PUSCH slot occupying a given set of
time-frequency resources to contain different size PUSCH
occasions may be advantageous since this can avoid the
need to use a diflerent resource for each size PUSCH
occasion, thereby reducing the amount of resource that
needs to be allocated for MsgA PUSCH. The PUSCH
occasion sizes can be integer multiples, such as a power of
two, of a minimum PUSCH occasion size. This use of
PUSCH occasions with integer multiple sizes may make 1t
casier to pack variably si1zed PUSCH occasions into a MsgA
PUSCH slot. One such embodiment 1s 1llustrated 1n FIG. 8.
A MsgA PUSCH slot starting at time t, 1s shown. The time
to may be defined relative to the time when an SSB, a RACH
preamble associated with the PUSCH occasion, or the start
of an NR radio frame. In the example shown, a PUSCH
occasion can have one of 4 sizes, identified by K=1, K=2,
K=4, or K=8. The size may be defined as the number of
PRBs in the frequency domain 1n a given set of OFDM
symbols. The starting point of the MsgA PUSCH slot 1in the
frequency domain at time to 1s 1dentified by 1, 1n the figure
and may be configured by higher layer signaling. The
starting point 1, may be given in suitable units such as a
starting PRB or subcarrier. The position of a PUSCH occa-
sion 1n a MsgA PUSCH slot 1s 1identified by an index n, with
one index used for each of the possible PUSCH occasions 1n
the MsgA PUSCH slot, and by the size of the PUSCH
occasion, K. Therefore, 1n some embodiments the position
may be calculated as nK. In some embodiments, the PUSCH
occasions within a MsgA PUSCH slot are contiguous 1n
frequency and therefore the MsgA PUSCH slot occupies

10

15

20

25

30

35

40

45

50

55

60

65

14

NyS subcarriers, where N, 1s the number of PUSCH occa-
sions with size K=1 1n the MsgA PUSCH slot, and S 1s the
number ol subcarriers occupied by the PUSCH occasions
with size K=1. In some such embodiments, nKS 1s the
number of PRBs away from the frequency domain start 1.

In some embodiments, the size of the PUSCH occasion
can be determined by the UE. The UE may pick the size
from one of a predetermined set of sizes according to a rule,
or the size may be assigned to the UE 1n control signaling.
In some embodiments, the rule comprises determining the
power needed to transmit a MsgA PUSCH in each of the
PUSCH occasions according to its size, excluding the
PUSCH occasion sizes that require more power than the UE
has available to transmit, and then selecting the PUSCH
occasion size that has at least the number of transport block
bits that the UE has available to send. In some embodiments,
the determination of PUSCH power 1s according to the

method used to calculate the power Pryserrs 2o (15 15 Qs Qus
1) n 3GPP TS 38.213 rev. 15.4.0, subclause 7.1.1. The UE

may then select which PUSCH occasion 1n a MsgA PUSCH
slot with the determined size to use. The PUSCH occasion
may be randomly selected with equal probability or approxi-
mately equal probability from those in the MsgA PUSCH
slot. In some embodiments, which resources are occupied
can be identified by whether the UE transmits a DMRS
antenna port and/or scrambling ID that 1s associated with the
UE 1n the resources used by the selected PUSCH occasion.
In some embodiments, the UE may further determine a
PRACH preamble with index n' to transmit according to an
index of the selected PUSCH occasion, for example setting
the preamble index equal to the index of the selected
PUSCH occasion, that 1s, setting n'=n. This may have the
benefit that a minimum number of PRACH resources 1S
needed to identily MsgA transmission when the number of
PUSCH occasions 1s fewer than the number of PRACH
preambles 1n a PRACH occasion. In other embodiments, the
UE may select the PRACH preamble aeeerdlng to both the
s1ze K and index n of the PUSCH occasion. The PRACH
preamble index may then be selected such that one preamble
index n' corresponds to only one combination of the size K
and index n of the PUSCH occasion. In some such embodi-
ments, the PRACH preamble index n' 1s determined accord-
ing to n'=n+2,_, 'N, where 0<=k<S with S being the
number of different PUSCH occasion sizes, N, is the k”
number of PUSCH occasions in the MsgA PUSCH slot and
that corresponds to a size for PUSCH occasions, Ny 1s the
number of PUSCH occasions 1n the MsgA PUSCH slot with
a determined size K used for the PUSCH occasion with
index n, and where 2, ™" N,=0. In some embodiments, the

PRACH preanlble index 1s deternnned as n'=n+Y, /ol
N,/2* where K is the determined size of the PUSCH occa-
s1ion with index n, N, 1s the number of PUSCH occasions 1n
the MsgA PUSCH slet with size K=1, and each PUSCH
occasion has a size K=2*, with k a non-negative integer, and
where 2,_,”" N,=0.

In some embodiments, each PUSCH occasion within a
MsgA PUSCH slot may be frequency hopped. Each PUSCH
occasion may then comprise multiple sets of OFDM sym-
bols, where each set of OFDM symbols occupies a diflerent
set of frequency domain resources such as different subcar-
riers or different PRBs. The diflerent sets of frequency
domain resources should be well apart 1n frequency, such as
half or multiples of one-fourth of the active bandwidth part.

Frequency hopped PUSCH occasions are illustrated in
FIG. 8 where each MsgA PUSCH 1n a PUSCH occasion
with index n and size K i1s transmitted in OFDM symbols
starting at t, and at subcarriers starting at 1, as well as 1n
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OFDM symbols starting at t; and subcarriers starting at 1;.
The dashed lines indicate the use of frequency hopping for
cach PUSCH occasion n and size K. When the PUSCH
occasions do not use Irequency hopping, each MsgA
PUSCH 1s transmitted 1n a single set of OFDM symbols and

PRBs having a single frequency domain starting point 1, and
a singl

¢ time domain starting point t,.
In some embodiments, more than one MsgA PUSCH may

occupy a MsgA PUSCH occasion, and each MsgA PUSCH

in the occasion 1s identifiable according to a parameter. Such
embodiments may have the benefit that a reduced amount of
time frequency resource 1s needed to carry a given number
of MsgA PUSCH transmissions. The parameter that identi-
fies each MsgA PUSCH 1n a PUSCH occasion may be one
or more of a DMRS antenna port, a DMRS scrambling 1D,
or a PUSCH scrambling ID. The parameter may be indexed
with an integer p that may be set to one of a set of P values,
and the UE may randomly select a value p from the set. In
embodiments where the UE determines a PRACH preamble
to transmit according to an index of the selected PUSCH
occasion, the UE may select a PRACH preamble n' that
corresponds to a single combination of the PUSCH occasion
index n and the parameter index p. In some such embodi-

ments, the UE may determine the preamble index n' as
n'=nP+p, where 0<=n<N, where N 1s a number of PUSCH

occasions 1n the MsgA PUSCH. A benefit of such embodi-
ments may be that detecting the preamble identifies the
presence of a PUSCH without the need to determine the
value p, where such determination may require blindly
detecting the associated DMRS scrambling ID or the value
used for scrambling of PUSCH. In other embodiments, the
UE may determine the preamble index n' as n'= where n
identifies the time frequency location of the PUSCH occa-
s10n but not the parameter with index p. In this case, another
mechanism 1s used for the gNB to i1dentity which value of

the parameter with index p was used to construct the MsgA
PUSCH and/or its DMRS. In some embodiments, the gNB

blindly detects which of the DMRS ports and/or DMRS
scrambling IDs are used by the MsgA PUSCH, for example
by hypothesizing that a given DMRS port and/or scrambling,
ID was used and checking the received SNR of the hypoth-
esized DMRS against a threshold. It the SNR 1s above the
threshold, the MsgA PUSCH corresponding to parameter p
associated with the hypothesized DMRS 1s determined as
present. Embodiments determiming the PRACH preamble as
the time-frequency location of the PUSCH occasion but not
a parameter with index p used for PUSCH transmission may
have the benefit that fewer PRACH preambles may be
needed. The use of multiple MsgA PUSCHs 1n a PUSCH
occasion 1s illustrated 1n FIG. 8. Two rows of N=8 PUSCH
occasions with size K=1, each numbered from n=0 to n=7,
and with the rows corresponding to MsgA PUSCH param-
cter p=0 and p=1, respectively. As can be seen, 16 MsgA
PUSCHs can be multiplexed in the 8 PUSCH occasions due
to the use of MsgA PUSCH that are identifiable with
different parameters. While not labeled with different values
of p, each PUSCH occasion 1n the remaining rows in the
figure with K=2, 4, or 8 can also contain P MsgA PUSCHs.
In some embodiments where diflerent values of p corre-
spond to distinct DMRS (either different ports or different
DMRS scrambling), multiplexing the P MsgA PUSCHs in a
PUSCH occasion can use multiuser multiple-input multiple-
output (MU-MIMO) reception techmques. Embodiments
that additionally use diflerent PUSCH scrambling may use
non-orthogonal multiple access (NOMA) reception tech-
niques.
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The UE aspect of this approach consists of extracting the
MCS options information in the SI, estimating the preferred
MCS given its channel quality and payload, and configuring
its transmitter to operate using the chosen MCS.

Additional extensions are also provided as below.

In one extension, the NW may apply a hybrid of multiple
approaches from those set out above.

For example, approaches 1 and 3 may be combined. UEs
with link quality exceeding a threshold may employ
approach 3 while UEs with worse link quality may adopt
approach 1.

In another example, a UE configured according to
approach 2 may use 1t 1 the serving cell quality change does
not exceed the threshold and revert to approach 1 otherwise.
Or a UE configured according to approach 2 may always
overwrite the configuration according to approach 1.

In one extension, the MCS to use 1s partially or fully
signaled by the NW mmplicitly via the PRACH configura-
tion. The extension 1s applicable to any of the three MCS-
selection methods described above (e.g., as approaches 1, 2
and 3). For a given PRACH configuration only a subset of
MCSs may be eligible for use (which MCSs are allowed for
which PRACH configuration can be listed 1n a specification
document and/or preconfigured by the NW by other means,
¢.g. 1n the SI), implying that the explicit signaling only needs
to differentiate between the MCSs 1n that subset, thereby
reducing the amount of radio resources needed for the
signaling of the MCS. For example, 1 there are in total N
MCSs defined for PUSCH 1n the standard, but for the given
PRACH configuration only M of those MCSs are eligible for
use, then the explicit signaling need can be reduced from
log,(N) information bits to log,(M) imnformation bits. As a
special case, M can equal 1, meaning no explicit signaling
1s needed. “PRACH configuration” above can refer to the
PRACH configuration index, and/or the PRACH {format,
and/or frequency band, and/or some other PRACH-related
parameters.

Methods described above allow adaptation of MsgA
PUSCH {format and/or MCS to allow maximal payload
while not compromising reception robustness. The methods
in the disclosure work 1n the absence of a conventional Link
Adaptation (L A) mechanism. The present disclosure further
includes the following embodiments.

A method embodiment for two-step RACH MsgA
PUSCH format adaptation by the NW includes: determining
a first format to be used by all UEs 1n a cell, e.g. based on
deployment information, and optionally determining a cri-
terion and a second format to be used by UEs not satisiying
the criterion; and signaling the first format and optionally
second format and a criterion in SI.

A method embodiment includes selecting, by UE, MsgA
PUSCH MCS; identitying the MsgA PUSCH MCS with,
e.g., DMRS antenna port, DMRS scrambling, and/or
PUSCH scrambling; and transmitting PUSCH along with a
particular PRACH preamble.

In an embodiment, PUSCH occasions 1n a MsgA PUSCH
slot may have different sizes and a given PUSCH occasion
may be transmitted along with a particular PRACH pre-
amble.

In an embodiment, the PRACH preamble ID may be
determined from the PUSCH occasion ID.

In an embodiment, PUSCH occasions may use MU-
MIMO, identified by DMRS port and/or scrambling and/or
by the PUSCH coded bit Scrambhng

In an embodiment, PUSCH occasions may be frequency
hopped; hopping 1s over disjoint symbols, and subcarriers
should be different.
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FIG. 9a 1s a schematic block diagram illustrating a
network node 900a according to an embodiment of the
present disclosure.

The network node 900q as shown 1n FIG. 94 1s configured
to communicate with UE. The network node may include a
radio interface 901a and processing circuitry 902a. The
processing circuitry 902q may be configured to implement
the methods for PUSCH format adaptation by the network
node as described 1in the embodiments of the present dis-
closure.

In another embodiment, the network node for PUSCH
format adaptation may include a determining module for
determining a first format to be used for two-step RACH
MsgA by a first group of UEs 1n a cell based on deployment
information; and a signaling module for signaling the first
format to the first group of UEs 1n System Information. As
an example, the determining module may be configured
turther to determine at least one criterion and at least a
second format to be used for two-step RACH MsgA by at
least a second group of UEs not satisfying the criterion in the
cell. The signaling module may be configured further to
signal the second format and the criterion to the second
group ol UEs 1n System Information SI.

In another embodiment, the network node 900a may
include a determining module determiming a format to be
used for two-step RACH MsgA by a UE 1n a cell based on,
¢.g., previous link quality information; and a signaling
module signaling the format to the UE via dedicated sig-
naling.

FIG. 956 1s a schematic block diagram illustrating a UE
9006 according to an embodiment of the present disclosure.

The UE 9006 as shown i FIG. 9b 1s configured to
communicate with a network node. The UE may include a
radio interface 9015 and processing circuitry 9025. The
processing circuitry 9025 may be configured to implement
the methods for PUSCH format adaptation or the methods
for transmitting a random access preamble and a physical
uplink shared channel by UE as described 1n the embodi-
ments of the present disclosure.

In an embodiment, a UE for PUSCH format adaptation
may include an obtaining module for obtaining a set of
format options and one or more selection criteria from a
network node via broadcast System Information; a deter-
miming module for determining a format to be used for
two-step RACH MsgA from the set of format options and
the criteria based on an estimated DL signal quality and
payload size; and a transmitting module for transmitting a
PUSCH using the determined format.

In an embodiment, a UE for transmitting a random access
preamble and a physical uplink shared channel may include
an obtaining module for obtaining a format from a network
node via broadcast System Information or dedicated signal-
ing; a first transmission module for making one or more
random access transmission attempts, wherein each trans-
mission attempt comprises transmitting at least the PUSCH
using the obtamed format; and a first transmission attempt
comprises transmitting a Physical Random Access Channel,
PRACH, preamble, and transmitting a PUSCH using the
obtained format; and a second transmission module {for
making successive transmission attempts if a response from
the network node to a prior transmission attempt 1s not
received; and making a further transmission attempt by
transmitting at least the PUSCH using a second format
different from the obtained format when the number of
transmission attempts 1s larger than a predetermined value.

In an embodiment, a UE for transmitting a random access
preamble and a physical uplink shared channel may include
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a first determining module for determining a modulation
state and a code rate to be used for the physical uplink shared
channel; a second determining module for determining a
parameter for transmitting the physical uplink shared chan-
nel based on the modulation state and the code rate; a first
identifying module for identifying resources to be used from
a predetermined set of resources, each resource being 1den-
tified with a first index n and occupying a distinct set of
OFDM symbols and subcarriers; a second 1dentifying mod-
ule for identifying a Physical Random Access Channel,
PRACH, preamble with a second index (n') corresponding to
the first index; and a transmitting module for transmitting
the identified PRACH preamble, and the physical uplink
shared channel in the i1dentified resources using the deter-
mined parameter.

In an embodiment, a UE for transmitting a random access
preamble and a physical uplink shared channel may include
a determining module for determining a resource size to be
used to contain the physical uplink shared channel, the
resource size being one ol a set of predetermined sizes; a
first 1dentifying module for identifying resources to be used
from a predetermined set ol resources, the number of
resources 1n the set of resources corresponding the deter-
mined resource size, each resource being identified with a
first index n and occupying a distinct set of OFDM symbols
and subcarriers according to the resource size; a second
identifyving module for identifying a PRACH preamble with
a second index n' corresponding to the first index n; and a
transmitting module for transmitting the 1dentified PRACH
preamble, and the physical uplink shared channel in the
identified resource.

Other features or operations as described as above for the
methods may also adapted to the network node or UE when
necessary and omitted here for simplicity and conciseness.

The disclosure also provides a communication system
comprising computing elements and data storage elements,
wherein the computing elements executes any of the meth-
ods as described 1n the embodiments of the present disclo-
sure.

The disclosure also provides a computer program com-
prising instructions which, when executed on at least one
processor, causes the at least one processor to carry out any
of the methods as described in the embodiments of the
present disclosure.

The disclosure also provides a computer-readable
medium having stored thereon computer program for car-
rying out any ol the methods as described in the embodi-
ments of the present disclosure.

The disclosure also provides a computer program product
comprising a computer program and a computer readable
medium as described above.

The present disclosure also includes the following, where
high level aspects of MsgA channel structure for two-step
RACH are discussed. Features needed to support low
latency operation and operation 1n unlicensed spectrum are
highlighted, and alternatives to construct MsgA from Rel-15

PRACH and PUSCH, wavetorms for PUSCH, and numer-
ology for PUSCH and PRACH are analysed.

One of the key requirements for MsgA structure 1s that it
supports low latency. In both licensed and unlicensed opera-
tion in NR-U, this 1s enabled by minimizing the duration of
PRACH and PUSCH components of MsgA. However, for
NR-U, one of the main benefits of the two-step RACH 1s the
reduced need of listen-before-talk (LBT) operations com-
pared to the four-step RA procedure. In case MsgA would
need two LB'Ts much of the benefit of the two-step RACH
would disappear. Therefore, it 1s of vital importance that
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MsgA can be transmitted using only one LBT, 1.e. that there
1s no gap between PRACH and PUSCH longer than 16 us.

For both licensed and unlicensed operation, MsgA con-
figurations should support transmission in as few symbols as
possible to meet the lowest latency requirements. For NR-U,
it 1s important that MsgA can be transmitted using only one
LBT, and therefore that there are no gaps within MsgA
longer than 16 us.

In 3GPP RANImeeting #96, an agreement on a basic

definition of PUSCH occasion structure was reached:
PUSCH occasion for two-step RACH 1s defined as the

time-frequency resource for payload transmission.

In order to understand how to configure PUSCH occa-
sions, some further refinement of PUSCH occasion structure
seems needed. The design can be motivated by the following
observations:

In contention-based operation, a UE will randomly select
some MsgA resources, and so 1t 15 necessary to define
multiple PUSCH occasions that the UE 1s aware of so it can
do the selection. These resources will need to be within some
limited number of symbols or slots, 1n order to limit the
latency of the two-step RACH procedure. This region 1n
time that contains multiple PUSCH occasions might be
termed a ‘MsgA PUSCH slot’.

In order to improve spectral efliciency and to allow
different payload sizes, it 1s desirable to allow the PUSCH
occasions to have diflerent sizes.

Since 1t 15 more eflicient from a channel estimation
perspective as well as desirable for low UE PAPR each
PUSCH occasion should occupy a contiguous set of sub-
carriers and OFDM symbols. Spectral efliciency can be
turther 1mproved through MU-MIMO techniques, where
PUSCHs colliding within a PUSCH occasion have different
DMRS. The DMRS enable the gNB to form channel esti-
mates for each of the interfering PUSCH, which then allows

an MMSE-IRC receiver 1n sufliciently good radio conditions
to successiully decode all the PUSCHs.

The use of multiple MsgA PUSCHs 1n a PUSCH occasion
1s 1llustrated 1n FIG. 8. A MsgA PUSCH slot starting at time
and frequency at t, and 1, 1s shown. Here, a PUSCH occasion
can have one of 4 sizes, identified by K=1, K=2, K=4, or
K=8. Each PUSCH occasion 1s 1dentified by its index ‘n’.
PUSCH occasions are ordered by frequency 1n this example
for simplicity; PUSCH multiplexing can naturally be
extended to both time and frequency. MU-MIMO 1s 1llus-
trated using the two rows of N=8 PUSCH occasions with
size K=1, each numbered from n=0 to n=7, where the rows
corresponding to MsgA PUSCH DMRS ports p=0 and p=1,
respectively. This doubles the potential number of size K=1
MsgA PUSCH that can be multiplexed in the MsgA slot to
16. (Note: while not labeled with different values of p, each
PUSCH occasion 1n the remaining rows in the figure with
K=2, 4, or 8 can also contain 2 MsgA PUSCHs.)

One embodiment of the disclosure therefore proposes the
following:

A set of resources containing multiple PUSCH occasions
1s defined (a ‘MsgA PUSCH slot’), where:

A MsgA PUSCH slot occurs periodically and has a known

length 1n symbols

Each PUSCH occasion occupies a contiguous set of

subcarriers and symbols

The PUSCH occasions can have different sizes, and a

given PRB can contain PUSCH occasions with difler-

ent sizes.
PUSCHs 1n the same PUSCH occasion can have different

DMRS
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It 1s possible that PUSCH occasions could have a different
MCS, number of occupied PRBs, use a different PUSCH
scrambling 1D, as well as different DMRS ports or DMRS
scrambling IDs. In order to simplify gNB receiver complex-
ity, PRACH could convey any or all of these PUSCH
parameters. However, especially given that PRACH 1s
already reserved 1n Rel-15 for a wide variety of uses, 1t 1s
desirable to minimize the number of parameters that

PRACH conveys. The gNB should at least know the time-

frequency resource containing the MsgA PUSCH, and so
may at least determine the PUSCH occasion that corre-
sponds to the preamble from the preamble ID.

There may be many more PRACH preambles than
PUSCH occasions, and so the number of PUSCH occasions
may be the limiting factor on how many collision-free MsgA
transmissions are possible 1n a given slot. It a PUSCH
occasion occupies a slot with say 2 PRBs, then a 10 MHz
carrier with 15 kHz subcarrier spacing carrier could only
have 25 PUSCH occasions per slot, compared to PRACH
which can have 64 preambles even for formats less than one
slot.

Therefore 1 MsgA resources are selected according to
PUSCH occasion, substantially fewer PRACH preambles
could be needed than if MsgA resources were selected
according to the maximum number of available PRACH
preambles.

The following observations are made:

It 1s desirable to minimize the number of parameters
conveyed by PRACH resources

Designs for PUSCH occasions could potentially have
many different PUSCH configurations

PUSCH occasions could have a different MCS, number of

occupied PRBs, use a different PUSCH scrambling 1D,
as well as different DMRS ports or DMRS scrambling
IDs, etc.

The gNB must at least be able to i1dentily the MsgA
PUSCH time frequency resources, hence the PUSCH occa-
sion, via the preamble ID.

There are generally many more PRACH preambles avail-
able than PUSCH occasions 1 a given amount of time-
frequency resource.

A further embodiment of the disclosure therefore pro-
poses the following;

Use a one-to-one preamble to PUSCH occasion mapping

as a starting point, at least for the occasions with minimum
S1ZE.

Further study the need for additional PUSCH parameters
conveyed by the preamble In 3GPP RANI1 meeting
#96, the following agreements were made on the wave-
form of the MsgA:

Both DFT-s-OFDM and CP-OFDM are supported for the

payload transmission 1n MsgA;

For further study (FFS): how to indicate/configure the
wavelorm.

For the signaling of the waveform, in NR release 13,
msg3-transformPrecoder was included in RACH-Config-
Common IE to signal the waveform used for msg3 in 3GPP
TS 38.331 V15.4.0.

So, similarly, a MsgA-transformPrecoder can be included
in the same IE to indicate the waveform of the MsgA
PUSCH for two-step RA.

One embodiments of the disclosure therefore proposes the
following:

Si1gnal whether transform precoding 1s enabled for MsgA
PUSCH 1n system information.
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In 3GPP RANI meeting #96, the following agreements
were made to address the numerology of the MsgA (e.g.,
PUSCH and PRACH numerology):

Consider the following numerology for MsgA PUSCH
(for possible down-selection)

Alt 1: follow the numerology configured for the UL BWP

FFS: 1mitial vs. active UL BWP
Alt 2: same as MsgA preamble numerology at least for
SOme cases
E.g., when short preamble 1s used (L=139)

From a gNB perspective, allowing the PUSCH and
PRACH numerologies to be the same or different enables
PRACH and PUSCH resource allocation flexibility to be
traded ofl for reception complexity. As long as the signalling,
overhead 1s minmimal (i1.e. no more than a few bits carried 1n
SIB1), maintaining this flexibility that 1s already available 1n
Rel-135 seems reasonable. For the preamble of MsgA, if the
preambles are shared between two-step and four-step RA or
they are in the same RACH occasion, they will need to have
the same numerology to both occupy the RACH occasion.

For the MsgA PUSCH part, keeping the same numerology
as the numerology configured for the whole BWP which 1s
also used for msg3 1n four-step RA, alternative 1 1s pre-
terred, as mixed numerologies on a BWP seems unneces-
sarily complex.

One embodiment of the disclosure therefore proposes the
following:

For the preamble part of MsgA, if the preambles are 1n the
same RACH occasion, the numerology of four-step RA
preambles 1s the same as that of the two-step RA preambles.

Support alternative 1: the numerology of MsgA should be
the same as the numerology configured for the UL BWP.

In general, the various exemplary embodiments may be
implemented 1n hardware or special purpose chips, circuits,
software, logic or any combination thereof. For example,
some aspects may be implemented 1n hardware, while other
aspects may be implemented 1n firmware or software which
may be executed by a controller, microprocessor or other
computing device, although the disclosure i1s not limited
thereto. While various aspects of the exemplary embodi-
ments of this disclosure may be illustrated and described as
block diagrams, flow charts, or using some other pictorial
representation, 1t 1s well understood that these blocks, appa-
ratus, systems, techniques or methods described herein may
be mmplemented 1n, as non-limiting examples, hardware,
soltware, firmware, special purpose circuits or logic, general
purpose hardware or controller or other computing devices,
or some combination thereof.

References 1n the specification to “one embodiment,” “an
embodiment,” “an example embodiment,” and the like 1ndi-
cate that the embodiment described may include a particular
feature, structure, or characteristic, but it 1s not necessary
that every embodiment includes the particular feature, struc-
ture, or characteristic. Moreover, such phrases are not nec-
essarily referring to the same embodiment. Further, when a
particular feature, structure, or characteristic 1s described in
connection with an embodiment, 1t 1s submitted that 1t 1s
within the knowledge of one skilled 1n the art to affect such
feature, structure, or characteristic 1n connection with other
embodiments whether or not explicitly described.

It shall be understood that although the terms “first” and
“second” etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another. For example, a first element could be termed a
second element, and similarly, a second element could be
termed a first element, without departing from the scope of
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example embodiments. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed terms.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
liming of example embodiments. As used herein, the sin-

gular forms “a”, “an” and “the” are intended to include the

plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises”, “‘comprising’, “has”, “having”, “includes”
and/or “including”, when used herein, specily the presence
of stated features, elements, and/or components etc., but do
not preclude the presence or addition of one or more other
features, elements, components and/or combinations
thereof.

The present disclosure includes any novel feature or
combination of features disclosed herein either explicitly or
any generalization thereof. Various modifications and adap-
tations to the foregoing exemplary embodiments of this
disclosure may become apparent to those skilled in the
relevant arts 1n view of the foregoing description, when read
in conjunction with the accompanying drawings. However,
any and all modifications will still fall within the scope of
the non-limiting and exemplary embodiments of this disclo-
sure.

The following numbered paragraphs set out embodiments
of the disclosure:

1. A method for Physical Uplink Shared Channel,
PUSCH, format adaptation by a network node 1n a random
access procedure, comprising,

determining a first format to be used for two-step Random

Access Channel, RACH, Message A, MsgA, by a first
group of User Equipment 1n a cell based on deployment
information; and signaling the first format to the first
group of UEs 1n System Information, SI.

2. The method of embodiment 1, further comprising:

determining at least one criterion and at least a second

format to be used for two-step RACH MsgA by at least
a second group of UEs not satistying the criterion in the
cell; and signaling the second format and the criterion
to the second group of UEs in System Information SI.

3. The method of embodiment 1 or 2, wherein the
criterion 1ncludes a PUSCH BLER during a single trans-
mission in performance criterion for uplink coverage.

4. The method of embodiment 1 or 2, wherein the first
format and the second format include one or more of a
number of resources, location 1n time/frequency, modulation
and coding scheme, code rate, and code/transport block size,
a mapping type.

5. The method of embodiment 1 or 2, wherein the
deployment information includes one or more of a path loss
and UE uplink transmit power, UE uplink transmission
scheme and a number of antennas.

6. The method of embodiment 1 or 2, wherein signaling
the first format or the second format comprises providing an
index to a predetermined list of modulation and coding
scheme, MCS, values; or providing an explicit individual
parameter value.

7. A method for Physical Uplink Shared Channel,
PUSCH, format adaptation by a network node 1n a random
access procedure, comprising,

determining a format to be used for two-step Random

Access Channel, RACH, Message A, MsgA, by a User
Equipment, UE, 1n a cell based on previous link quality
information; and signaling the format to the UE wvia
dedicated signaling.
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8. The method of embodiment 7, wherein determining a
format 1s based on a triggering condition or presence of
payload of a logical channel or a set of logical channels to
meet a target performance.
9. A method for Physical Uplink Shared Channel,
PUSCH, format adaptation by a User Equipment 1 a
random access procedure, comprising,
obtaining a format from a network node via broadcast
System Information or dedicated signaling;

making one or more random access transmission
attempts, wherein each transmission attempt comprises
transmitting at least the PUSCH using the obtained
format; and a first transmission attempt comprises
transmitting a Physical Random Access Channel,
PRACH, preamble, and transmitting a PUSCH using
the obtained format; and
making successive transmission attempts 1f a response
from the network node to a prior transmaission attempt
1s not recerved; and making a further transmission
attempt by transmitting at least the PUSCH using a
second format different from the obtained format when
the number of transmission attempts 1s larger than a
predetermined value.
10. A method for Physical Uplink Shared Channel,
PUSCH, format adaptation by a User
Equipment in a random access procedure, comprising,
obtaining a set of format options and one or more selec-
tion criteria from a network node via broadcast System
Information;

determining a format to be used for two-step Random
Access Channel, RACH, Message A, MsgA, from the
set of format options and the criteria based on an
estimated downlink, DL, signal quality and payload
size; and

transmitting a PUSCH using the determined format.

11. A method mm a User Equipment of transmitting a
random access preamble and a physical uplink shared chan-
nel, comprising,

determining a modulation state and a code rate to be used

for the physical uplink shared channel;

determining a parameter for transmitting the physical

uplink shared channel based on the modulation state
and the code rate;

identifying resources to be used from a predetermined set

of resources, each resource being identified with a first
index n and occupying a distinct set of OFDM symbols
and subcarriers;

identifying a Physical Random Access Channel, PRACH,

preamble with a second index n' corresponding to the
first index; and

transmitting the identified PRACH preamble, and the

physical uplink shared channel i1n the identified
resources using the determined parameter.

12. A method 1 a User Equipment of transmitting a
random access preamble and a physical uplink shared chan-
nel, comprising,

determining a resource size to be used to contain the

physical uplink shared channel, the resource size being
one of a set of predetermined sizes;

identifying resources to be used from a predetermined set

of resources, the number of resources in the set of
resources corresponding the determined resource size,
cach resource being 1dentified with a first index n and
occupying a distinct set of OFDM symbols and sub-
carriers according to the resource size;

identifying a PRACH preamble with a second index n'

corresponding to the first index n; and
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transmitting the identified PRACH preamble, and the
physical uplink shared channel i1n the identified
resource.

13. The method of embodiment 12, further comprising
determining a parameter to use for transmitting the physical
uplink shared channel from a predetermined set of values.

14. The method of embodiment 13, wherein transmitting
the physical uplink shared channel in the 1dentified resources
further comprises transmitting the physical uplink shared

channel using the determined parameter.

15. The method of embodiment 11 or 13, wherein the
parameter includes one or more of an antenna port used to
transmit a reference signal for the physical uplink shared
channel; a scrambling index of an antenna port used to
transmit a reference signal for the physical uplink shared
channel; and a scrambling i1dentity of scrambling used on
encoded bits of the physical uplink shared channel.

16. The method of embodiment 11 or 13, wherein iden-
tifying resources to be used from a predetermined set of
resources lurther comprises randomly selecting the first
index n such that each value of the first index 1s selected with
substantially equal probability.

17. The method of embodiment 11 or 13, wherein iden-
tifying a PRACH preamble further comprises setting the
second index n' that identifies the PRACH preamble equal to
the value of the first index n.

18. The method of embodiment 11 or 13, wherein each
resource 1n the predetermined set of resources comprises a
first resource subset and a second resource subset, where

the first resource subset comprises a first set of OFDM

symbols and a first set of subcarriers; the second
resource subset comprises a second set of OFDM
symbols and a second set of subcarriers;

cach OFDM symbol 1s one of the first set of OFDM

symbols or one of the second set of OFDM symbols;
and

the first set of subcarriers 1s d1

of subcarriers.

19. A network node configured to communicate with a
user equipment (UE), the network node comprising a radio
interface and processing circuitry configured to,

determine a first format to be used for two-step Random

Access Channel, RACH, Message A, MsgA, by a first
group of User Equipment 1n a cell based on deployment
information; and

signal the first format to the first group of UEs in System

Information, SI.

20. A network node configured to communicate with a
user equipment (UE), the network node comprising a radio
interface and processing circuitry configured to,

determine a format to be used for two-step Random

Access Channel, RACH, Message A, MsgA, by a User
Equipment, UE, 1n a cell based on previous link quality
information; and signal the format to the UE wia

dedicated signaling.

21. A User Equipment configured to communicate with a
network node, the UE comprising a radio interface and
processing circuitry configured to,

obtain a set of format options and one or more selection

criteria from a network node via broadcast System

Information;

determine a format to be used for two-step Random

Access Channel, RACH, Message A, MsgA, from the

set of format options and the criteria based on an
estimated DL signal quality and payload size; and
transmit a PUSCH using the determined format.

Terent from the second set




US 12,324,025 B2

25

22. A User Equipment configured to communicate with a
network node, the UE comprising a radio interface and
processing circuitry configured to,
obtaining a format from a network node via broadcast
System Information or dedicated signaling;

making one or more random access transmission
attempts, wherein each transmission attempt comprises
transmitting at least the PUSCH using the obtained
format; and a first transmission attempt comprises
transmitting a Physical Random Access Channel,
PRACH, preamble, and transmitting a PUSCH using
the obtained format; and

making successive transmission attempts 1f a response

from the network node to a prior transmission attempt
1s not received; and making a further transmission
attempt by transmitting at least the PUSCH using a
second format different from the obtained format when
the number of transmission attempts 1s larger than a
predetermined value.

23. A User Equipment configured to communicate with a
network node, the UE comprising a radio interface and
processing circuitry configured to,

determine a modulation state and a code rate to be used

for the physical uplink shared channel;

determine a parameter for transmitting the physical uplink

shared channel based on the modulation state and the
code rate;

identily resources to be used from a predetermined set of

resources, €ach resource being identified with a first
index n and occupying a distinct set of OFDM symbols
and subcarriers:

identily a Physical Random Access Channel, PRACH,

preamble with a second index (n') corresponding to the
first 1ndex; and
transmit the 1identified PR ACH preamble, and the physical
uplink shared channel 1n the i1dentified resources using
the determined parameter.
24. A User Equipment configured to communicate with a
network node, the UE comprising a radio interface and
processing circuitry configured to,

determine a resource size to be used to contain the
physical uplink shared channel, the resource size being
one of a set of predetermined sizes;

identily resources to be used from a predetermined set of

resources, the number of resources 1n the set of
resources corresponding the determined resource size,
cach resource being 1dentified with a first index n and
occupying a distinct set of OFDM symbols and sub-
carriers according to the resource size;

identify a PRACH preamble with a second index n'

corresponding to the first index n;

transmit the 1dentified PRACH preamble, and the physical

uplink shared channel 1n the i1dentified resource.

25. A communication system comprising computing ele-
ments and data storage elements, wherein the computing
clements executes any of the methods of embodiments 1-18.

26. A computer program comprising instructions which,
when executed on at least one processor, causes the at least
one processor to carry out the method according to any one
of embodiments 1-18.

2'7. A computer-readable medium having stored thereon
computer program according to embodiment 26.

28. A computer program product comprising a computer
program according to embodiment 26 and a computer read-
able medium according to embodiment 27.
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The mnvention claimed 1s:

1. A method for transmitting a random access preamble
and a physical uplink shared channel (PUSCH), the method
performed by a User Equipment (UE) and comprising:

determining a resource size to be used to contain the

PUSCH, the resource size being one of a set of prede-
termined sizes:

identifying a resource, having the determined resource

size, to be used to contain the PUSCH, wherein:

the resource 1s 1dentified from a predetermined set of
resources,

the predetermined set corresponds to the determined
resource size, and

the respective resources in the predetermined set are
associated with respective first indices and occupy
respective distinct sets of OFDM symbols and sub-
carriers:

identifying a physical random access channel (PRACH)

preamble associated with a second index that corre-
sponds to the first index associated with the 1dentified
resource; and

transmitting the following: the i1dentified PRACH pre-

amble, and the PUSCH 1n the 1dentified resource.
2. The method of claim 1, further comprising determining,
a transmission parameter for the PUSCH from a predeter-
mined set of values.

3. The method of claim 2, wherein transmitting the
PUSCH 1n the 1dentified resource comprises transmitting the
PUSCH using the determined transmission parameter.

4. The method of claim 2, wherein the transmission
parameter includes one or more the following:

an antenna port used to transmit a reference signal for the

PUSCH;

a scrambling index of an antenna port used to transmit a

reference signal for the PUSCH; and

a scrambling identity of scrambling used on encoded bits

of the PUSCH.

5. The method of claim 1, wherein 1dentifying a resource
having the determined resource size comprises randomly
selecting the first index associated with the identified
resource from the respective first indices associated with
respective resources of the predetermined set, based on a
substantially equal probability of selecting each of the
respective first idices.

6. The method of claim 1, wherein 1dentifying a PRACH
preamble comprises setting the second index associated with
the PRACH preamble to be equal to the first index associ-
ated with the identified resource.

7. The method of claim 1, wherein each particular
resource in the predetermined set comprises a first resource
subset and a second resource subset, wherein:

the first resource subset comprises a first set of OFDM

symbols and a first set of subcarriers;
the second resource subset comprises a second set of
OFDM symbols and a second set of subcarriers;

cach OFDM symbol occupied by the particular resource
1s one of the first set of OFDM symbols or one of the
second set of OFDM symbols; and

the first set of subcarriers 1s different from the second set

of subcarriers.

8. The method of claim 1, wherein the first indices are
indicative of a number of resources 1n the predetermined set
ol resources.

9. A method for transmitting a random access preamble
and a physical uplink shared channel (PUSCH), the method
performed by a User Equipment (UE) and comprising:

identifying a resource to be used for the PUSCH from a

predetermined set of resources, wherein the respective
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resources 1n the predetermined set are associated with
respective first indices and occupy respective distinct
sets of OFDM symbols and subcarriers;
identifying a physical random access channel (PRACH)
preamble associated with a second index that corre-
sponds to the following:
the first index associated with the i1dentified resource,
and
an index of a transmission parameter for the PUSCH,
wherein the transmission parameter 1s associated
with a modulation state and a code rate to be used for
the PUSCH; and
transmitting the following: the identified PRACH pre-
amble, and the PUSCH 1n the 1dentified resource using
the transmission parameter.
10. A User Equipment (UE) configured to communicate
with a network node, the UE comprising:
a radio interface; and
processing circuitry operably coupled to the radio inter-
face, whereby the processing circuitry and the radio
interface are configured to:
determine a resource size to be used to contain a
physical uplink shared channel (PUSCH), the
resource size being one of a set of predetermined
S1Z€eS:;
identily a resource, having the determined resource
size, to be used to contain the PUSCH, wherein:
the resource 1s 1dentified from a predetermined set of
resources,
the predetermined set corresponds to the determined
resource size, and
the respective resources i the predetermined set are
associated with respective first indices and occupy
respective distinct sets of OFDM symbols and
subcarriers;
identify a physical random access channel (PRACH)
preamble associated with a second index that corre-
sponds to the first index associated with the i1denti-
fied resource; and
transmit the following: the identified PRACH pre-
amble, and the PUSCH 1n the identified resource.
11. The User Equipment of claim 10, wherein the pro-
cessing circuitry and the radio interface are further config-
ured to determine a transmission parameter for the PUSCH
from a predetermined set of values.
12. The User Equipment of claim 11, wherein the pro-
cessing circuitry and the radio interface are configured to

10

15

20

25

30

35

40

45

28

transmit the PUSCH 1n the identified resource based on
transmitting the PUSCH using the determined transmission
parameter.

13. The User Equipment of claim 11, wherein the trans-
mission parameter imncludes one or more the following:

an antenna port used to transmit a reference signal for the

PUSCH;

a scrambling index of an antenna port used to transmit a

reference signal for the PUSCH; and

a scrambling 1dentity of scrambling used on encoded bits

of the PUSCH.

14. The User Equipment of claim 10, wherein the pro-
cessing circultry and the radio interface are configured to
identify a resource a resource having the determined
resource size based on randomly selecting the first index
associated with the identified resource from the respective
first 1ndices associated with respective resources of the
predetermined set, based on a substantially equal probability
of selecting each of the respective first indices.

15. The User Equipment of claim 10, wherein the pro-
cessing circuitry and the radio interface are configured to
identify a PRACH preamble based on setting the second
index associated with the PRACH preamble to be equal to
the first index associated with the i1dentified resource.

16. The User Equipment of claim 10, wherein each
particular resource in the predetermined set comprises a first
resource subset and a second resource subset, wherein:

the first resource subset comprises a first set of OFDM

symbols and a first set of subcarriers;
the second resource subset comprises a second set of
OFDM symbols and a second set of subcarriers;

cach OFDM symbol occupied by the particular resource
1s one of the first set of OFDM symbols or one of the
second set of OFDM symbols; and

the first set of subcarriers 1s different from the second set

of subcarriers.

17. The User Equipment of claim 10, wherein the first
indices are indicative of a number of resources in the
predetermined set of resources.

18. A User Equipment configured to communicate with a
network node, the UE comprising:

a radio interface; and

processing circuitry operably coupled to the radio inter-

face, whereby the processing circuitry and the radio
interface are configured to perform operations corre-
sponding to the method of claim 9.
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